H umans, like all animals, depend on sensory systems to perceive different aspects of the physical world. One of the most remarkable achievements of evolution has been the development of sensory cells that are specialized to detect unique aspects of this world such as a single photon or a single molecular odorant. Similarly, our ability to perceive sound is mediated through the vibration of exquisitely sensitive stereociliary bundles located on the luminal surfaces of mechanosensory hair cells. A deflection of a little as 1 nM at the tip of the stereociliary bundle is sufficient to elicit a change in the resting potential and synaptic activity of the cell (1) . Unraveling the molecular mechanisms that mediate the perception of physical stimuli has been one of the most exciting and rewarding endeavors in modern biology. The characterization of the phototransduction cascade has not only provided insights into the function of the visual system but also contributed profoundly to our understanding of G protein-coupled receptor signaling (2) . Surely similar insights regarding mechanotransduction will be obtained once the molecular pathways underlying this sensory modality have been revealed. However, the limited number of mechanosensory hair cells present in any single organism has impeded our ability to dissect the molecular basis of mechanotransduction. Although Ϸ30 million photoreceptors can be obtained from a single rodent retina, both cochleae from the same animal contain Ͻ20,000 mechanosensory hair cells (3, 4) . The relative scarcity of these cells emphasizes not only their exceptional level of efficiency but also another daunting aspect of inner ear biology: In mammals, mechanosensory hair cells are generated only during embryogenesis. Over time, and with marked influences from environment and genetic makeup, mechanosensory hair cells are inexorably lost, eventually resulting in loss of hearing acuity or deafness (5) . As is the case for mechanotransduction, the limited number of these cells has hampered the pace of discovery in our understanding of the factors that both promote and inhibit the formation of hair cells. However, an article by Hu and Corwin (6) in this issue of PNAS describes a new method for the potential generation of large numbers of bona fide hair cells in vitro.
One of the most obvious and potentially most promising approaches to circumvent the limited number of naturally occurring hair cells is to develop cell lines that can be used to generate large numbers of bona fide hair cells. Similar approaches with other cell types, such as tumor cells or pancreatic islet cells, have yielded significant results. Several research teams have attempted to generate cell lines with the potential to develop as hair cells from a number of sources including embryonic and other types of well characterized stem cells, as well as stem cells or progenitor cells isolated from inner ear tissue (7) (8) (9) (10) (11) (12) (13) (14) (15) . The results of several of these studies have demonstrated that with appropriate in vitro stimulation, multipotential cells from a number of different sources can be induced to express many of the proteins that are known to be highly expressed in hair cells. However, none of these proteins is truly unique to hair cells in the way that opsins are unique to photoreceptors, making it impossible to definitely confirm that these cells are truly hair cells. Moreover, the expression of a collection of genes or proteins is not the best way to definitively establish cellular phenotype, even if that collection includes factors that are unique to a particular cell type. Rather, a rigorous demonstration of phenotype would involve the cell in question exhibiting both an appropriate morphology and the ability to respond appropriately to a specific physical stimulus. In the case of hair cells, they should generate a stereociliary bundle and be capable of mechanotransduction. It is important to note that in several instances, actin-rich specializations have been observed within in vitro-derived hair cells, but none could be considered to be true stereociliary bundles (9) . In some cases, the ability of these cells to develop as hair cells was confirmed by transplantation into an embryonic inner ear, suggesting that the conditions in vitro were not sufficient to induce complete hair cell formation (8, 14) . The study by Hu and Corwin (6) takes a large stride toward defining at least one key aspect of the cellular environment that is required for hair cell differentiation; they demonstrate that a forced mesenchymal-to-epithelial transition (MET) leads to the formation of cells with several unique aspects of hair cell morphology. Following a fairly standard isolation and in vitro expansion of supporting cells from the chick utricle that included an epithelial-tomesenchymal transition, the authors forced the cells to revert to an epithelial phenotype by using either gentle agitation or a hanging-drop culture system to prevent adhesion to the substrate. The result of this forced transition was the formation of spheres that included a polarized and apparently pseudostratified epithelium (Fig. 1) . Cells within these spheres expressed markers that were consistent with both hair cells and supporting cells. More importantly, many of the putative hair cells developed unique aspects of hair cell morphology, including structures that appeared to be stereociliary bundles, but, surprisingly, these stereociliary bundles were oriented outward into the culture medium rather than inward to the lumen. Scanning electron microscopic images provide convincing evidence that these structures contain both stereocilia and kinocilia, and in some cases, that the stereocilia appear to be arranged in a staircase pattern. Although Hu and Corwin did not confirm the ability of these cells to respond to mechanical stimulation, putative hair cells accumulated FM1-43, a styryl dye that permeates hair cells through the mechanotransduction channels (15) (16) (17) . On the basis of these results, and with the caveat that mechanotransduction and cellular excitability must still be demonstrated, it appears likely that the cells within these spheres develop as true hair cells. Although the total number of hair cells per sphere was modest, never exceeding 15%, the expansion potential of these cells when in their proliferative, mesenchymal form was robust with a consistent doubling time of just less than 5 days. Therefore, it is possible to envision the generation and isolation of significant numbers of hair cells from a relatively modest starting population, especially if techniques that will increase the percentage of hair cells per sphere are identified. Finally, it is important to consider that it is not known whether a similar approach will work with mammalian cells. As the authors suggest, there is no reason to think that a forced MET will be less effective at inducing formation of hair cell-containing spheres from mammalian tissue, but considering the relatively limited innate proliferative potential of mammalian supporting cells, expansion of these cells while in a mesenchymal form may prove more challenging (18) (19) (20) (21) (22) (23) .
In summary, Hu and Corwin (6) present exciting new data suggesting that a key step in the de novo generation of hair cells in vitro is a forced MET. Although the authors have not yet definitively demonstrated the generation of excitable, mechanotransducing hair cells within their spheres, they have produced cells with a morphology and molecular profile that are strikingly consistent with those of a hair cell. Assuming that these cells will be conclusively shown to be mechanosensory hair cells, this new technique has the potential to significantly accelerate the study of hair cell biology.
In mammals, mechanosensory hair cells are generated only during embryogenesis.
